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SAFEGUARDS FOR LONG.TERM MANAGEMENT OF RADIOACTIVE WASTE

K. K. S. Pillay
Safegua.txlsSystemsGroup

l-m AIamos National Laboratory
I&s ALamos,New Mexico 87545, USA

ABSTRACT

In nuclear material safeguards parlance radioactive
WMCS uc *’UMSUSW! discards.” However, the accumula-
tion of large amounts of tissile materials in wastes over 8
period of ti cm bea safeguardsconcern like waste inven-
tories in the US, which may contain more than 10 Mt of
fissilc materials. In addition to conventional radioactive
waste forma, such as high-level wastes, rrattsuranicwastes,
and low-level wastes, spent nuclear fuel from commercial
fuel cycles ia now considereda radioactive waste fomt in the
US. Spent nuclear fuels, placed in underground reposi-
tories, have the potential to bcc.omeplutonium mine~ of the
ftlturc and attractive targetsfor diversion or theft becauseof
dteir valuable rnatcrial content and decreasingradioactivity.
frt the context of present strategiesfor the disposal of these
mdioactive waste forma, this paper Identifies some of the
domestic and intmnatsonalsafeguads issuesrcievmt to the
varioua proposed scenarios for the long-term management
and pemartent dispusal of radioactive wastes in geologic
repositories. Picscnt knowledge of invenmries is presented
to Mssmte the enormity of the problem of verifying spcci~
nuclear matcdal contents of waste inventories in the US.
Good materials rrwmgmcnt practices during the disposal
phass of nuclear wastes should have elements to sddress
issuesthat am identified hem.

1. INTRODUCTION

Radioactive waste mattagement has been ● smoldering
issue for decades. During the last decsdc, the problem of
nuclear waste snd the public’s perception of the problem
&came a significant issue worldwide, and there is now a
senseof urgency ●bout the long-term management of such
wastes. In response to this urgency, industrialized nrntions
have establisheda varietyof programs to develop strategies
and technologies to manage rdioactivc wastes from womb
to tomb, After decades of benign neglect, the issue of
nuclear wsste management srmmsto be rcctiving the atten-
tion it desente:, Although radioactive wastes have been
accumulating in the US for half a century, only during the
last two decades have them been concerted effort: at
addressing problems. Presently, there are well established
program In place to develop sound technological sohttlons
for both Itt’erim and long-term msnagr,nent of these mdb
active wastes. After considerablestudy and debate, dte US

programs were codifkd in a 1982 Legislation-’’llte Nuclear
Waste Policy Act of 1982” (Ref. 1), According to this Icgis

lation, it is the responsibility of the US Department of
Energy (DOE) to develop strategies, systems, and tech-
nologies for the long-term isolation of all spentnuclear fuels
(SNFS), high-level wastes (HLWs), and transuntnic (TRU)
wastes in the US. Because of the unique socio-political
atmosphere surrounding radioactive waste managcmen!,
there are still cxmsidcrsblcchallenges to the scientific com-
munity for developing technological solutions, including
safeguardsstrategies,acceptableto a concernedfree society.

The present US strategy for long-term msnagwncnt of
radioactive wastes involves direct disposal of spent nuclear
fuels and vitrified high-level wastes in common geologic
repositories and a separate geologic reposito~ for TRU
wastes. The scenariosfor long.term isolation of thesewaste
forms in geologic repositorieshave distinct and unique safe-
guards problems, md they are quite different from those
cncxntereci in developing safeguards systemsfor conven-
tional bullc-tmrtdlingand itcm-accounthrgfacilities.

Tlris mpon identifies someof the key issuesthat ought
to bc considered in developing safeguardssystemsfor radio-
active waste materials now in US inventory and destined for
eventual geologic disposal. [t is hoped that the material pm-
sentedhere will stirrwlatcdiscussionson the subject among
the safeguardscommunity and help tc develop srrrttcgicsand
systemsfor safeguardingIargc quantitiesof fiss~lcnrtdfcrtdc
rnstcrialscontained in HLWS, TRU wastes,and SNFS,

II. US WASTE INVENTORIES

Nuclear fuel cycles generate n variety of wsstc forms
that require Iong-term isolation from the biosphcm. [n the
US, both civilian and defense fuel cycles have accumuiitted
Iargc quantities of radioactive wastes. A summary of var.
ious radioactive waste forms in the US thst require spccwtl
disposal strstcgicsam shown in Table I (Rcf, 2).

Among these waste forms SNFS from comrnmciul
fuel cycles, HLWS from spent fuel rcproccssing, TR[J
wastes from defense fuel cycies, and a varictof miscella-
neousrsdhactive materials (MRMs) from d E SIICSam of
interest to nuclear material safe urrds, These waste forms

$conmhtfissilc and fertile mster(t s m differing ~usntstic<,nml
d of them have the potential so becomerrutcrtslsfor which

*Work supported by the US Department of Energy, Of!lcc
Of SSfCgw..iS LId SCCtXltY



TABLE L US Radioactive Waste Inventory
at the End of 1989

t-)~
.,

S~nt nuclearfuels* 8 fXM m3 (or 20000 Mt)

High-1evel wasrd 381 000m3

TRuwsstes* 289000 rn3

Miscdlarla)us radioactive
mi”tClitiS* (DOE Sites)** 260 Mt

Low-level wastes 3909000rn3

Uranium rnilf tailings 117600 tXX)m3

Mixaf LLw 56 fKXlm3

Wastes t%omcnvitonrrrental
rcstomtionactivities 10008 fHXlm3

Rcactcxdccornmisaidng 254 Md

● Materiaf forms thatmay contain significantquantities
of fissile mater-ids.

** ImIh nuciear fuels from test~d d~g~ ~’~~

scrap, etc.

t~h c~ a) reaxa deaxnmissioning will generate
atmmxirnateiy I !5000 m3 of radioactive wastes.

safeguards should be atwdied. Because none of the other
was~ forms arc know; ‘to contain any significant levels
~f tissile materhds, this paper will not address them arty
further.

None of the waste forms of potentiaf safeguardscon-
cern have hd m accurateaccountingof their special nuclear
material (SNM) contents, Some of the repined SNM con-
tentsof VPriOU$wawc forms am summarized in Table 11,

[n the data presentedin Table 11,the fissile contentsof
spent nuclear fuels are reasonably good estimates, All the
other data presentedin Table U ate cun’entbestestimatesand
wli changewhen betteresamateabecomeavailable.

In addition to the abom estimates, it may be possible
for some of these waste forms to contmn part or all of the
fissile matdals declared M inv::kiy differences (IDs) at
US rwclear materia) production facilities. Since 1977, the
US Nuclear Regulatory Commission and the US DOE have
been repo&ng the invc Itwy differences of most of the US
nuclear materird production facilities in unclasslf!ed, open
~tiblicmions, Compilation of such data from sJ! US com-
mercial facilities and most defense production facllhies
shows that them are large quantities of fhsile materials
unaccounted for in their materials accountwwy system. For
e-ample, the cumulative inventories of three delonae P*
Jucuon facilities reportd in t~e open Iitemsure(nciude over
I Mt of plutonium ●nd a variety of other flsslle materials.4

111,

A.

TABLE 11. Fissiie & Fertile ,Materials
in US Inventories of
Radioactive Wastes at
the End of 1989

Quantity of
Waste F~

High-level was[cs* 1.8 M[of Pu
1.3 Mt of Np +Am

Transuranic wastes* 3.0 Mt of ~Us

Miscclhnmus 0.4 Mt of Pu
rxiioactive wastes 5.7 Mt of 235U
(DOE SitCS)*” 1.3 Mt of WJ

Spent nuclear fuels 160 Mtof Pu
(Commcrcr“d)t 170 Mt of 235U

6.4 Mt Np
7.OMt Am
0,3 Mt Cm

●Ref. 2.

●*Rcf, 2, Tables Cl 429, hr addition, thew

waste forms am afso reported10contain 178
Mt of Itium and 76 Mt of thorium

tRef, 3. In addition, SNF inventory h~
187fXI Mt of 238U.

SAFEGUARDS ISSUES

HLWS & TRU Waatea

Almost all [he HLWS and TRU wastes in the US
inventory haw: their origins in the defense fuel cycle. Dala
present~ in Table 11ah reported lDs of fissil; ma[eriafs
kom defense production facilities indicate the likelihood of
approximately 10 Mt of fissile mmerials in these waste
forms, Because the total volume of these waste forms IS
about 700000 rn3, it would seem a Herculean task 10
rtcover ali dre fissile materials in HLWS and TRU wastes
employing any of the known recovery methods. However,
during the last two years, there have been several pro-
posa1s5-7to chemically isolate actinides from radioactive
waste fonrrs and transmute thcm to short-lived or s[nble
nuclidcs. ‘fhcse proposals seem to suggestthat recovery of
fissile tnateriafs from existing radioactive waste materials IS

feasibleand probably economically viable,

In the international safeguardsamt. economic cwwd

erations (cost of SNM recovery) are not accepted as maJtw
dc!errents to diversion.~ It is assumed that all was~efnnns
ccn be processed to recover SNM by some method (w
another, aldrough many are not economical. Becauseot Ihc
dcclsmd presenceof ffssile matcria)s within waste matr-ices,
thesewaste forms have the potentisl to be dlvefied, and IINWC
importantly, they can become potentiaJconduks for planned



diversions within a domestic safeguards regime. There
fore, it is impmwm to design appqx-iate safeguardssystems
not only to identify the SNM contents of the HLWS and
IRU wastes but to meet the requirements of dorncsricand
inmtllational safeguards.

TIK HLWS and TRU wastes originating from defense
production in the US are not presently subject to inter.
national safeguards. However, present plans arc to place
vitrifmd HLWS from defense production in common
gsologicmpsitorics along with SNFs from commcmial fuel
cycles. At this location, the vitsifial HLWS could enter she
intemadcmalsafcguatdsregime. All spentnwkar fuels fmtrsr
US commercial nuclear fuel cycles have the poscntul to b
unckr IAEA safeguamlsduring interim and long-term storage
andeven after geologic dispal.

B. Spent Nuclem Fuels

Although spent fuels continue [o be extremely mdi-
active fm many years after cky arc discharged from reac-
tors, the radioactivity level dtireases considerably after
several decades, and the exusction of umnium. plutoniurtL
and● vasietyof otkr scmtegicallyvaluabk metals from such
aged fuel konws less hnsadotx. Therefore, underground
repositories containing spent nuclear fuels from once-
rhroughfuel cycles have the potential to becosnsplutonium
mines in dte future and am mmxive targemfoe diversion w
theft &cause of their valuable material consentsnd decreas-
ing radioactivity.

The first geologic repository in the US, m cutmtsly
designed, will contain ~pproximately 62000 Mt of hcsvy
rrmal from commercial nuclear fuels. ‘fltis invcmory of
spnt fuelswillcontain oveTS00 Ml of plutonium ands host
of oskr flssi.le,fcftile, and strategically imptnm elements.~
Decreasing energy resources,the need fof raw materials fw
large-scale energy @uction, and changes in instimdord
and scxial systems, may provide incentives fm future gesv
erstions to twwer the spnt fwls from geologic rcpositaies
as valusble energy rcsourcec. Safeguards issues for dds
wenasio need to be sddressedby tho intertmtloiul commu-
nity during the development of safeguards for long-term
s~nl fuel ntansgemm.

IV. SAFEGUARDS SYSTEMS AND
STRATE(:IES

Systems have yet to be developed for malntslnlng
nmlcsr msmrial degumds fc8 SNM ccmtalnd in rdhcdvo
waste msterials. People in the Internatknal safeguuds arena
htve begun thinking on the subject.~$t lo However, tho
development of stmtegiosand systamsto safeguard nuclear
materials contained in radioactive wsste, including spent
nuclear fuels,IsstillIn its infancy.

In the US, existing domcsflc safeguards systems do
nm spcclflctlly include nor uxclude SNM contsined in
radlnactive waste materials, However, al the present lime,
there arc no swmegies or prngrams designed to maintain
safeguardsfor SNM comsined In wnste mslerisls thsl hsve

ken accumulating for [he past SOyears. Firs[, there sl,ould
be a recognition that HLWS, lRU wastes,and other misccl-
Iancous wmtes from US defense production facilities may
contain approximately 10 Mt of fissile materials. Such a
recognition is necessarym initiate programs[0 systematically
examine the safeguards roquiremems of mdioactive was[c
materials now in s[orage at DOE sites and develop both
short- and Iong-tctm strategies for mainrainmg safeguards.
Funhermore, it would lx highly desirable [o have suchsys-
mms in place before these radioactive waste maleriais are
processed and shipped to gcolo~c repositories for perma-
nent disposal.

V. CHALLENGES AND THE NEED FOR NEW
APPROACHES

In a conventional safeguards regime. radioactive
wastesare “rrmuurd discards.’” Measured discardssatisfy.
ing discards tittia seldom reenter the safeguards regime.
However, in the case of HLWS and TRU wastes in the US,
them were no safeguamlscriteri~ for discards. Also, over
the yearn. tie SN’M contencsof waatcs have reached tathcr
high levels and raquire a reevalumuon of their safcgwcfs
rcq*nts.

During the early yeus of fotmularing international
safeguards, SNFS were not considered t discardable wss[e
fam SNFs wem consideredintim muerial forms that lent
themselvesto ckmkal ~ssing to recover valuable fiswle
and festile rnaunals. As such, there are no gmdelines to
slfeguard SNFs in extemld Iong.tcmn storage or in s gco-

kgic repoaimcydesigned fcmpamartam disposal,

Spentm,dea MS contshtSN’M in large quantities, A
spent pressurised water react- (PWR) fuel assembly con-
tains approximately 3 kg of plutonium and a s~nt boiling
water rescmr (BWR) fuel s:sembly contains approximately
1.2 kg of plutonium, In addition, tmtlr Ihese SNFS contain
recoverable mmunts of fissile snd fertile umnium and a
variety of tsmtsuranics. The distribution of SNM in HLWS
and TRU wmtes, on dte other hmtd. Is exwcmcly sparw.
For example, assuming a unifown dlslributiort of SNM in
waste tnstricc~ the HLWS and TRU wastesin the US con-
tain less than 10 ppm of flssile materials. These ctmccntm-
tions appeat mther innocuous, slthough the total amount
(apprcmlmstcly 10 Mt) of flsmle materials in tkse wastesis a
very large quanlhy of SNM to be dlscardcd wilhoul appro-
priate safegumis. The uncertairuiesof thesercporrcdquan-
tides are likely m h extremely large, mid there are no simple
rnahcds [o verify sny of ;hesc quantilks, IAshlishlng
safeguards regimes for such malenals in diverse maml e!
and numerous physical and ckndcal forms h cxsrcrtmlydif-
ficult and offers considerable challenges m well ss oppr-
mrdtiesto tk safeguardswnrmtmty

A. IILWS find TRU Wults

Bccmtw Ihe I ILWS and TllU wasle In Ihe [JS are mtl
presently under IAI?A s~fcguards,only dontmtw mf’cIIuanls
are cxcrttined, The IILWS in [he US me al f[mr muyw
Iwatkrns and ‘11111wasteswe J eight sites. I%esently, lhcsc



wastes are in complex marnces with a wide variety ot
physical and chemical characteristics. It is extremelY
difficult to attempt to verify the SNM contentsof thesewaste
forms by any of the known technologies. However, there is
a national plan to move the storedTRU wastesto a geologic
repository in a salt bed in Carlsbad, New Mexico and to
vitrify all HLWS and place them in a geologic formation(s)
somewherein the continental US. These strategiesallow for
some simple method of verifying the SNM contents of
qrository packages leaving storage locations or processing
facilities.

Presently, all the HLWS and TRU wastesstored in the
US ~e at DOE facilities under protective cusccdy. It is
highly unlikely that these materials will & stolen from their
present storage locations. However, movement of these
wasteforms for geologic emplacement may be monitored for
estimating the quantities of SNM being transferred to dis-
posal facilities, and they may be kept under containrtwntand
surveillance until they are placed in their final disposal
location.

The SNM content of TRU wastes may be estimated
usinga variety of nondestructiveassay(NDA) techniques,I I
llte estimation of SNM contained in vitrified HLWs is not
readily achieved by NDA techniques, However, the vitrifi-
cation processrequires removing storedwastesand convert-
ing them throughbatch processinginto a ca.lcine. [t may be
possible to sample thesecafcines in batches and get a berter
estimate of their SNM content through destructive ansdysis.
Thus, there are opportunities to better estimate the SNM
contents of HLWS and TRU wastes during processing and
packagingfor geologic pbMenL

B. Spent Nuclear Fuels

The SNFS in the US are under domestic safeguards

and are likely to bc placed under international safeguards
during long-term storage and during residence in geologic
repositories,

The fundamental requirement of international safe-
guards is to “assure” the continued presence of nuclear
materials within designated boundaries, This requiresestab
Iishing a system of accounting for and control of nuclear
materials within spent fuels and thereby enabling both the
State and international regulatory agenciesto verify the safe-
guardssystem. in addition to containment nrrdwuwciliarwe,
the IAEA detectsdiversion of SNM contained in spentfuels
by verifying the SNM contents of fuel asaemblicl by inde-
pendent measuttments and comparing these measurements
with [he declared values. }{owever, such mcasurcrnents MCI

time consuming and the esmnatcs of fissile con[entsusually
have large uncertainties. Dmiled analysesof such verifica-
tion schemes using known NDA technologies show that
wsuhschemes for spent fuel assemblies cannut satisfy the
rcquhwnentsuf prtsenl safe uards mgmsesfor goaf quantity

fnmf tinrelincss 01 detcclion,,12 Therefore an alternative to
crrten!ive measurements, suchas item vertli lion, ought to
lw conskkred for maintaining safeguards I(,, SNM during
their Iong.tmrn surfacewmnge,

Pennaner,~ geologic repository designs are meanr to
isolate the spentfuels ilul,. the biospherefor a long time and

prevent accidental access by man. This is in direct contlict
with the basic premise of international safegurds, thfit

nuclear material can be made available for inspecnon at suit-

able interwals. Becausespentnuclear fuels becomea[trw-[ive
targets for diversion as tbeu fission-prcduct radioactivity
decreases, it may be necessary to maintain safeguards for
spnt fuels for art undetermined time. MEA’s requirement

to verify inventories should be reexamined and alter, atlve
methods of “assurance”should b developed. For a closed

repository, it is desirable to maintam continuing assurance
that spent fuel is still there. However, this may not lx the
most important requirement in the conte~t of geologic
disposal. What may kc assuringand reasonably achievable
is that spent fuel is not being brought to the surface and
transferred off site. Systems designed to achieve this

objective may be more apjmpriatc to maintaining safeguards
for SNFS in geologic repositories.

Safeguardsfor long-term retrievable storageshould be
dif(erent from thosefor geologic permanent storage. Long-
terrn storage cart range from a ‘ew years to a few decades,
and “possibilitiesof diversion from intenm storageare more
likely than from permanentdisposal facdities, Safeguarding
spent fuel dismantling/consolidation facilities is another
problem that needs to be addressedand resolved. Because
of the intenseradioactivity of SNFS now in stomge,material
accountancy involving independent estimation of the SNM
contents of SNFS appears to offer limited prospects in
maintaining safeguardsfor spent fuels in long-term storage
and during consolidation. Presently, it is ve~ difficult for a
regulatory agency to have verified knowledge of SNM wm-
tents of spent fuels. Also, verifying how much SNM is
actually present may not serve useful safeguardspurposes.
Verification of fuel bundle integrity by NDA measurementor
other rtwuts may have useful safeguardsrelevsncr,

VI. PRAGMATIC ALTERNATIVES

The introduction of safeguswdsfor radioactive waste
matrr%ls, especially large quantitiesof spentnuclear fuels, is
guing to create an enormous burden for present safeguards
systems. Because ihese material forms and disposal sce.
nan’oswere not part of the early safcgunrdsrcgtme develop.
mm, them is a need to objectively cxarmrte the w!egwtrds
requirementsof the waste materkls and arrivew somepmg
matte approachesto addrmsmg the problems, Some (II the
Poswhtlitlesare as follows.

1. For I{LWS and TRU wastes, a vcntlcatmn iystcm tt~
estimate the SNM contents of waste rnatcnals being
trnnsferrcd to final pmccssmg for permanent dIfIxmJIl

ought to he considered, This appruach would m~t(mlv
conflrrn someuf the presentcstirnatcsbut tletcr divcril(m
of other forms of SNM thrnugh waste matcrinls lriIVIIIK

slomgc Iocauons. Attempts to estmutteSNM c(mIentI td

111.WSand “1R(J wastesmay also help to r~ctlfy w)tiw ~d
IIW vcty large cumulatwe [1)s of SNM at the Ialdttws ml
o(mntia]lv Identifv waslc mattke$ th~j mnv Icntl Ihctn



REFERENCESselves to economic scovcry of SNM that has been
improperly discarded.

2. Containment and surveillance measures for processed
wastes dt!ring their residence at storage facilities and

transit to permanent reposito.ics is probably the least

expensive safeguards measure for these waste forms.

3. A separate graded safegttardcregime for spent nuclear
fuels based on a properly defined attractiveness level

based on, smong ocher things, burnup and decay time
may save considerable resources for bosh nuclear facil-

ities and regulatory agencies,

4. An upward modification of “goal quantity” and
“timeliness’” for detecting SNM from all waste forms
discussed here along with graded safeguards for SNFS

can go a long way in maximizing the usc of safeguards

resources.

5. Encouraging the development of a spent fuel manage-
ment regime, wherein there will be a safeguardssystem
that can primarily rely on containment and surveillance
rasherthan quantitative measurementsof fissile contents
of spentfucla, wouid have considerable practical value.

Developing smwgiea, systems, and r,ecessary tech
nologies for safeguarding SNM contained in radioactive
waste forms arc challenges (acing the safeguardscommu-
nity. A varic~ of safeguardsmeasurescan be adapted, and
additicml new technologies may be required to maintain ●

satisfactory safeguard regime for these radioactive waste
forma to prevent their diversion and use as media for
planned diversions.

VII, CONCLIJSIONS

The data presented in this paper ate baaed on present
knowledge ot’ invcrttoricsof SNM in wastes in the L’S, llre
data should be viewed in the context of waste maaices in
which they arc distributed although the totafa are likely to
attract attention, The spent fuels in the US are likely to
become a candidate fw imemmlonal safeguards. Trte high-
Icvel wastea when placed m the same repository a? spent
fuels may have sonm international safeguards relevance.
Ttte TRU wastea in dw US will bc [Otdly out of the inter-
natkmcl safeguardsteginwm. All the wastesin the US con-
taining fhsilc materiala are presently in securestorage loca-
tions and some of titem are diacardafrom domestic
mfegtmrds. During tha hatdecade, wrote management
programs hr the US have evolved to is stage wherv guod
accounting of waste streams arc routinely done M part of
good nuclear materials management. Because it in very
difficult to extrapolate present practices to ●ccumulated
in! cntoriea of the past, it would he prudent to examine the
issuea presenwd here in proper context and proceed to
develop strategies and systcrt)s for good materials
management Prscticcsthat will also contribute positively to
environmental scfety, public concern over tadioactive waate
dispo.xal,and good nuclcArmatnrld Safcgti.
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